Insulin secretion, DNA damage, and apoptosis in human and rat islets of Langerhans following exposure to nitric oxide, peroxynitrite, and cytokines.
Cytokine-induced damage may contribute to destruction of insulin-secreting beta-cells in islets of Langerhans during autoimmune diabetes. There is considerable controversy (i) whether human and rat islets respond differently to cytokines, (ii) the extent to which cytokine damage is mediated by induction of nitric oxide formation, and (iii) whether the effects of nitric oxide on islets can be distinguished from those of reactive oxygen species or peroxynitrite. We have analyzed rat and human islet responses in parallel, 48 h after exposure to the nitric oxide donor S-nitrosoglutathione, the mixed donor 3-morpholinosydnonimine, hypoxanthine/xanthine oxidase, peroxynitrite, and combined cytokines (interleukin-1beta, tumor necrosis factor-alpha and interferon-gamma). Insulin secretory response to glucose, insulin content, DNA strand breakage, and early-to-late stage apoptosis were recorded in each experiment. Rat islet insulin secretion was reduced by S-nitrosoglutathione or combined cytokines, but unexpectedly increased by peroxynitrite or hypoxanthine/xanthine oxidase. Effects on human islet insulin secretion were small; cytokines and S-nitrosoglutathione decreased insulin content. Both rat and human islets showed significant and similar levels of DNA damage following all treatments. Apoptosis in neonatal rat islets was increased by every treatment, but was at a low rate in adult rat or human islets and only achieved significance with cytokine treatment of human islets. All cytokine responses were blocked by an arginine analogue. We conclude: (i) Reactive oxygen species increased and nitric oxide decreased insulin secretory responsiveness in rat islets. (ii) Species differences lie mainly in responses to cytokines, applied at a lower dose and shorter time than in most studies of human islets. (iii) Cytokine effects were nitric oxide driven; neither reactive oxygen species nor peroxynitrite reproduced cytokine effects. (iv) Rat and human islets showed equal susceptibility to DNA damage. (v) Apoptosis was not the preferred death pathway in adult islets. (vi) We have found no evidence of human donor variation in the pattern of response to these treatments.